ZnO layers comprizing rods were deposited by chemical spray pyrolysis (CSP) method at 520 ˚C on different FTO (SnO2:F)/glass substrates using zinc chloride aqueous solutions. Substrates were purchased from different manufactures and differ by morphology, grain size and roughness of FTO electrode. FTO/glass substrates and ZnO layers grown on them were characterised with the help of XRD, AFM, high resolution SEM, EDX methods. The relationship between nanorod formation and substrate properties was studied. It was found that substrate roughness and grain size influence the ZnO rods formation. Deposition of rods (d=300 nm, L=1.4 μm) was successful on the FTO layers with grain sizes around 30-50 nm and roughness below 10 nm, whereas large-grained FTO (grain size > 130 nm) resulted in thick, lowaspect ratio crystals with diameter around 400 nm and length of about 400 nm.
Introduction
ZnO nanostructured layers have been the research focus in recent years because of their potential applications in various nanodevices [1] [2] [3] [4] [5] . Key challenges in ZnO nanorod growth for device application are controlled growth using simple and inexpensive growth methods. ZnO nanorods can be produced by diverse methods, as summarized in numerous review articles [1, 2] . Among them, spray pyrolysis, presented in this study, is simple and low-cost method to produce large area thin films and nanostructured layers including ZnO nanorods [6] [7] [8] . Particular significance in nanorods growth has a substrate and its preparation. In many studies to contribute the rods growth or improve their vertical alignment a seed layer (ZnO nanoparticles) is required prior to the deposition of the ZnO nanorods [1, 9, 10] . However, for some applications (emitting diodes, solar cells), it is required to grow ZnO nanorod directly on a transparent conductive oxide [11, 12] . There are some reports on the direct deposition of ZnO rods onto Indium Tin Oxide (ITO) substrates [11, 13, 14] . However, due to the scarcity of indium search for alternative transparent conductive oxide (TCO) materials has been a topic of an active research. Such a good alternative could be fluorine-doped tin dioxide FTO, however, very little studies were reported on growth of ZnO rods on FTO substrates up to now [12, [15] [16] [17] . As FTO might have different morphologies depending on the manufacturer and preparation method, therefore it is important to find out a correlation between initial morphology of the substrate and final morphology of the grown layers. In this study, we present a systematic study on ZnO rods on FTO substrates with different morphology. The morphology, structural and optical properties of the substrates are studied by means of high resolution SEM, AFM and UV-VIS techniques.
Experimental
ZnO layers were deposited using pneumatic spray pyrolysis method, described in details earlier [6, 7, 13, 16, 18] . To grow ZnO layers, 50 ml of 0.05 mol/l aqueous solution of ZnCl2 (Fluka) (pH=5) was sprayed over the FTO (SnO2:F) substrate surface at Tsub=520 ˚C. The solution spraying rate and carrier gas (compressed air) flow rate were 2.4 ml/min and 8 l/min, respectively. The variety of FTO substrates (further referred in a text as FTO-1, FTO-2, FTO-3, FTO-4, FTO-5) purchased from different manufactures was used in this study. All substrates undergone standard cleaning procedure: firstly in soap solution, then in isopropyl alcohol cleaning in ultrasonic bath for 1 minute and finally, treatment during 1 minute in concentrated H2SO4 (Tca ~40 ˚C). The samples were rinsed with deionised water after each cleaning step. The morphology of the FTO substrates and ZnO layers were studied by a high resolution SEM on a Zeiss HR FESEM Ultra 55 apparatus at an accelerating voltage of 1.7 kV. Structural characterization of the FTO substrates was carried out on a Rigaku Ultima IV diffractometer using Cu K α radiation (λ=1.5406Å,40 kV at 40 mA). Surface topographies of the FTO substrates were studied by AFM using the NT-DT Solver47 Prosystem operated in a"semi-contact"(tapping) mode. The root mean square (RMS) and average roughness (Sa) values were taken on AFM from area of 2x2μm 2 . The diffuse (Tdiff.) and total (Ttot) transmittance spectra were measured in the wavelength range of 200 -2500 nm on a Jasco 670-V UV-VIS-NIR spectrophotometer equipped with an integrating sphere. Haze factor (HF) values were determined as HF=Tdiff/Ttot. Figure 1 presents SEM and AFM images of FTO surface and of corresponding ZnO layers grown on them at similar growth conditions. The morphological parameters obtained from SEM and AFM studies for FTO and dimensions of ZnO crystals are summarized in Table 1 . As it can be seen from Fig.1 and Table 1 , the substrates mainly differ by grain and crystallite size, roughness and grain shape. Elongated ZnO rods (L=800-1400 nm) were formed only on FTO -1 and 2 which have low roughness (RMS=7-9 nm) and smaller grains (ca. 30-50 nm). The FTOs with higher roughness ≥ 12 nm (FTO-3, 4 and 5) resulted in low aspect ratio ca. 1, fat ZnO crystals. FTO-5 and 6 differ from others by large and pyramidal shaped grains. It should be mentioned here, that ZnO crystals on FTO-4 and 5 are tightly standing next to each other. This could be explained by high number of nucleation centres on FTO-5 and 6 substrates. The step-like texture of FTO facets (clearly seen on SEM of FTO-5) might be a good platform for preferable sites for ZnO nucleation. High amount of ZnO nuclei lead to further coalescence of the crystals and formation of closely standing to each other thick lowaspect ratio rods. Haze factor values presented in Figure 2 are in a good correspondence with AFM and SEM studies. The rougher FTO substrates is, the higher is light scattering and haze factor in the visible spectral region. Thus, haze factor measurements might be a handy and fast tool to estimate the surface roughness of the substrate and its suitability for growth of the ZnO rods. According to EDS study, the elemental composition of the FTO substrates (not presented here) is similar and, therefore impurity coming out from the substrate does not affect the rods formation in our case. According to the XRD patterns presented in Fig. 3 , SnO2 crystallites in FTO-5 are orientated along (110) plane parallel to the substrate, while in FTO-1 -FTO-4 the crystallites are preferably grown along (200) plane parallel to the substrate. Thus, the orientation of the crystallites in the substrate doesn't have strong influence on the formation of the rods. Thus, the main factor influencing the ZnO rods formation in our case is FTO roughness. Obtained result is in a good correlation with that reported for ZnO rods growth on GaN substrate by MOCVD [19] and ZnO seed layers by solution growth [20] , where ZnO rod growth was favoured using relatively smooth substrates. Figure 2 . Haze factor spectra of FTO substrates. Figure 3 . XRD patterns of FTO substrates. 
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Conclusions.
Herein we present a systematic study on ZnO rods growth by spray pyrolysis depending on the FTO substrates morphology. Depending on the manufacture, FTO surface morphology differs by roughness, grain size and shape, and crystallite orientation. Haze factor calculated from optical transmittance spectra measurements is a handy and fast tool for rough estimation of the surface roughness of the substrate and its suitability for growth of the ZnO rods. It was shown that rods formation is strongly affected by roughness and grain sizes of the FTO substrates. It was found that elongated ZnO rods (L=1400 nm, d=300 nm) can be produced on FTO with small roughness (ca. 8 nm) and grain sizes ca. 30-50 nm. FTO RMS roughness values higher that 12 resulted in thick ZnO crystals with low aspect ratio.
